Numerous investigators use the analysis of umbilical CBMC as a means of assessing immunologic status of the newborn. Recently, there has been a great deal of interest in the identification of markers detectable at birth that can predict subsequent disease development by the child or adult of, for example, atopic diseases such as eczema, hayfever, and asthma (1) . The methodologies used in such analyses include assessment of cellular function by cell culture, phenotype by flow cytometry, and the measurement of various immunologic mediators in the circulation by ELISA. However, the influence mode of delivery might have on many of the markers of interest is largely unstudied.
Labor is associated with an increase in the number of leukocytes in the neonate's circulation typically related to increased neutrophils, monocytes, and natural killer cells (2) (3) (4) (5) . Functional differences have also been observed, including increased IL-6 production by umbilical cord blood monocytes (5) and activation of neutrophils (6) collected after spontaneous vaginal delivery (completion of labor) compared with elective cesarean section (no labor). Furthermore, length of or amount of stress during labor caused progressively increasing activation of neutrophils (6) and leukocytosis (7), respectively.
The labor-associated activation of the fetal immune system is postulated to reflect increased prostanoid and proinflammatory cytokine production in the uterine environment (8) . However, there is also a cortisol surge that occurs in conjunction with labor, leading to increased cortisol levels in umbilical cord blood samples from neonates delivered by spontaneous vaginal delivery (9) . Cortisol is an immunosuppressive molecule, inhibiting cytokine production and, thereby, T-cell effector function (10, 11) . As glucocorticoids inhibit early signaling events after TCR stimulation, including tyrosine phosphorylation (12) , T-cell function may be particularly susceptible to the effects of labor. Therefore, we undertook an analysis of the phenotype and function of umbilical CBMC, focusing on CD4 ϩ T cells because of their important role as effector cells and their ability to provide help to other hematopoietic populations, obtained from newborns delivered after spontaneous labor (NVD) in comparison to cells prepared from samples obtained from infants delivered in the absence of labor (elective LSCS).
METHODS

Blood samples.
Umbilical cord blood was collected by venepuncture of the umbilical cord immediately on delivery of the placenta. Umbilical cord blood was collected from fullterm, healthy, singleton newborns after 1) elective LSCS (n ϭ 13) for breech presentation, cephalopelvic disproportion, previous section, or self-selected section (women with a clinical indication for having an elective cesarean section were excluded from the study); or 2) NVD initiated spontaneously (n ϭ 14) from subjects who did not have a history of gestationassociated diseases, such as preeclampsia, or placental abruption. The presence of intrauterine infection was not assessed. Adult blood was collected from healthy volunteers (n ϭ 14). All samples were collected into lithium heparin (Vacutainer; BD Biosciences, Oxford, UK) and processed within 2 h of collection. Informed consent was obtained from the donors, and the Southampton and S.W. Hants Joint Research Ethics Committee approved the study.
Flow cytometry. Whole blood (50 L) was placed in a tube with a preoptimized concentration of fluorochrome-conjugated antibodies and incubated in the dark and on ice for 30 min. Red blood cell lysis was conducted by the addition of 2 ml of 1ϫ FACS Lysing Solution (BD) and incubation at room temperature for 12 min. After centrifugation at 400 ϫ g, 4°C, 7 min, the pellet was washed twice by centrifugation with 3 ml of PBS/0.5% BSA/0.2% sodium azide. The pellet was resuspended in 100 L of 1% formalin in PBS and stored in the dark at 4°C until acquisition by flow cytometry (FACScan; BD) within 2 d of staining. The population identified by characteristic side scatter and CD4-positivity was acquired (10,000 events, with total events collected and saved) for analysis using CellQuest software (BD). The antibodies (all from PharMingen) used for flow cytometry were FITC-conjugated anti-CD4 (mIgG1, clone RPA-T4), and the following R-PE-conjugated antibodies; anti-CD11a (mIgG1, clone HI111), anti-CD25 (mIgG1, clone M-A251), anti-CD44 (mIgG2b, clone G44 -26), anti-CD49d (mIgG1, 9F10), and anti-CD62L (mIgG1, clone Dreg 56). Isotype controls (mIgG1, clone MOPC-21; mIgG2b, clone 27-35) were included as appropriate.
Mononuclear cell culture. Mononuclear cells were prepared from heparinized umbilical cord and adult peripheral blood by centrifugation over Histopaque (Sigma Chemical Co, Poole, U.K.). Cells at the interface were collected and washed twice in RPMI 1640 with Glutamax (GIBCO Life Technologies), and then cells were cultured at 10 6 /mL in RPMI 1640 with Glutamax supplemented with 5% AB serum (BioWhittaker), 100 U/mL penicillin, 100 g/mL streptomycin, and 2-mercaptoethanol (2 ϫ 10 Ϫ5 M). Various stimuli were added at the initiation of culture: PHA (1 g/mL) and F(ab') 3 anti-CD2/3/28 (50 ng/mL; a kind gift of Professor Martin Glennie, Cancer Sciences, School of Medicine, University of Southampton, U.K.). Cell-free culture supernatants were harvested after 24 h of incubation at 37°C in 5% CO 2 in air. Supernatants were stored at Ϫ80°C until analysis.
ELISA
IFN-␥ and IL-2 were measured using OptEIA ELISA kits according to the manufacturer's instructions (PharMingen). The sensitivity of each assay was 5 pg/mL. sCD62L was measured using a specific kit (Quantikine, R & D Systems) with a sensitivity of 0.3 ng/mL, and samples were diluted 1 in 10 in the sample buffer provided.
STATISTICAL ANALYSIS
Differences between the groups were assessed nonparametrically using Mann-Whitney U test or Wilcoxon rank sum test (StatView, version 5.0).
RESULTS
Effect of mode of delivery on cytokine production. The stimulus used to assess neonatal T-cell function was a bioengineered F(ab') 3 molecule containing a single Fab' fragment each of anti-CD2, anti-CD3, and anti-CD28. This is the in vitro stimulus that best resembles the physiologic interaction between T cells and antigen-presenting cells. The dose of anti-CD2/3/28 used in the current investigation (50 ng/mL) was optimized in preliminary experiments. Initially, IFN-␥ production in response to this F(ab') 3 molecule was compared with the frequently studied mitogen PHA. CBMC had reduced IFN-␥ production compared with adult cells irrespective of the stimulus used. There was no difference between CBMC collected from either spontaneous NVD or elective LSCS (Fig. 1A) . IL-2 production by CBMC stimulated with anti-CD2/CD3/CD28 stimulation was also reduced compared with the adult, but there was no difference associated with mode of delivery (Fig.  1B) . PHA-stimulated IFN-␥ production by adult mononuclear cells was significantly lower than that induced by anti-CD2/ 3/28 (p ϭ 0.019; Wilcoxon rank sum test).
Effect of mode of delivery on CD4 ؉ T cell phenotype. The expression of numerous activation markers by CD4 ϩ T cells was examined. CD4 ϩ T cells were identified by characteristic side scatter and CD4 positivity. Events (10,000) within this gate were acquired and analyzed. The percentage of CD4 ϩ T cells expressing CD25 ( Fig. 2A) ϩ T cells; n ϭ 14; p ϭ 0.012; Fig. 2B ). As all CD4 ϩ T cells expressed CD11a and CD44 the intensity of expression (MFI) was examined but did not differ significantly between any of the groups (Fig. 2, C and D) . However, like the adult cells, CD4 ϩ T cells from umbilical cord blood collected after the completion of labor showed greater variability in the expression of these markers.
Effect of mode of delivery on soluble markers of immune function. Levels of sCD62L were significantly reduced in the neonatal compared with the adult circulation (p Ͻ 0.0001 for both groups; Fig. 3 ) but there was no difference in plasma levels in association with the mode of delivery.
DISCUSSION
With increasing interest in development during fetal life and the etiology of disease in childhood and adult life, it is imperative that any differences in immunologic function, measurable at birth, but caused by gestation-associated events such as prematurity, parity, sex, intrauterine infection, and mode of delivery be accounted for. In the current study the effect of mode of delivery (with and without labor) on some basic immunologic functions and CD4 ϩ T-cell phenotype was investigated. CD4
ϩ T cells were the focus as they are important effector cells and provide help to other hematopoietic populations.
This is the first study of CBMC to use the physiologic stimulus F(ab') 3 anti-CD2, CD3, and CD28, so it was essential to compare the effects of this molecule to a welldescribed response by neonatal cells. As mitogen-stimulated IFN-␥ production by CBMC is reduced compared with that from adult cells (13-15), we initially investigated the effect of mode of delivery on both PHA-and anti-CD2/3/28 -induced IFN-␥ production. Reduced IFN-␥ production by neonatal cells was seen in response to both stimuli, and there was no difference associated with mode of delivery. Similarly IL-2 production in response to anti-CD2/3/28 did not differ with mode of delivery and was reduced compared with the adult, as already described in response to other stimuli.
Of the phenotypic analysis conducted on CD4 ϩ T lymphocytes, the only statistically significant difference between cord blood and adult cells was the higher percentage of CD62L ϩ / CD4 ϩ cells in the neonatal circulation. Furthermore, there were statistically significantly more CD62L ϩ /CD4 ϩ cells in the absence of labor (LSCS) compared with after the completion of labor (NVD). CD62L is shed from the surface of T cells during activation and migration across the vascular endothelium (16, 17) , and our observation suggests that labor may have a slight activating effect on T lymphocytes or that some CD4 ϩ T-cell migration into the circulation occurs in association with labor. Further support for a slight T cell-activating effect of labor is provided by the increased variability in CD11a and CD44 MFI and percentage of CD25 ϩ T cells in cord blood collected from NVD compared with LSCS samples. Adults also displayed a great variability in the expression of these activation markers.
The difference in the percentage of CD62L ϩ cells with mode of delivery, and compared with the adult, prompted us to consider the levels of sCD62L in the circulation. Despite the significant differences in surface expression, there was no difference in sCD62L with mode of delivery, but levels in adult plasma were significantly higher than in umbilical cord blood plasma. The lack of difference in circulating levels of sCD62L with mode of delivery probably reflects the small, albeit significant, difference in surface levels in these two populations. As the shedding of CD62L by neutrophils is the greatest contributor to soluble levels it would 122 be interesting to examine the levels of membrane CD62L on neonatal neutrophils collected after different types of delivery and compare these to the adult. However, the accumulation of sCD62L in the circulation is associated with the shedding of CD62L by cells during extravasation from the circulation to the tissues (17, 18) . Labor is associated with increased leukocytosis, so a lower percentage of cells expressing membrane CD62L might reflect those cells that have entered the circulation during labor. Such cells will have presumably shed sCD62L before entering the circulation; thus, plasma sCD62L may not change.
Unlike the marked changes in monocyte and neutrophil function that occur in association with human labor, T-cell function and phenotype, other than CD62L, does not change dramatically with labor. However, labor does appear to have a slight activating effect on T cells as shown by the reduced percentage of CD4 ϩ cells expressing CD62L and the increased variability in expression of the surface markers we examined in the NVD samples. Thus it would be worthwhile to investigate the effects of labor length and stress in labor on T-cell phenotype and function. However, it is difficult to ascertain whether these changes in T-cell phenotype might actually be associated with the initiation of labor or whether they occur as a consequence of labor. As the effects of the mode of delivery may persist for many months postpartum (19) , it is essential to understand the effect of this event on cellular phenotype and 
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ϩ T cells) and relationships of these with subsequent outcomes, such as susceptibility to infection or atopy.
